The hemiclamshell incision is a valid but infrequent surgical alternative for the resection of tumors from mediastinum. This point makes this approach impossible to be studied under a randomized controlled trial. The triple association of thoracotomy, sternotomy and cervicothomy makes the hemiclamshell approach a high intensity postoperative pain surgery. However, there is no published data on this topic, and the reviewed articles only mention the analgesic regimens as a secondary point. Indeed, no author defines the best epidural drugs mixture for the patients. Multimodal analgesic regimen based on regional anesthesia should be used. Based on the recent advances on spinal opioids, morphine could be a good choice as epidural coadjutant to local anesthetics for hemiclamshell incision.
Introduction
Classical incisions, such as postero-lateral thoracotomy or median sternotomy, do not provide optimal exposure of the intraoperative field for surgical treating of tumors arising from the cervico-thoracic junction or in the anterior mediastinum with extension to the chest cavity [1] . The hemiclamshell approach (HCS, trap door incision or book thoracotomy) has been proposed as a better alternative for these cases [2] [3] [4] [5] [6] [7] .
There are few articles on this topic, less than 15 PubMed citations until December-2012 using "hemiclamshell" as keyword (5 of all as a surgical case report) [8] [9] [10] [11] [12] . Most of them, focusing on the thoracic surgeon choice of the most appropriate surgical approach to obtain complete tumor resection and repair of damaged structures but not on the management of postoperative pain. This one should be treated with a multimodal analgesic regimen based on continuous thoracic epidural analgesia but the best choice for epidural drugs mixture has not been yet well defined [13] . We present the case of a young man, which was treated with thoracic epidural bupivacaine plus morphine during 72 hours for the treatment of postoperative pain after hemiclamshell incision for the resection of a mediastinal Castleman disease. Moreover, this approach was successfully accepted either by the patient or the multidisciplinary medical and nursing team.
Case Description

Anesthetic and Analgesic Procedures
43 years old, ASA II, 95 kg Caucasian man, was programmed for an elective thoracic surgery for the resection of a mediastinum tumor. The mass size was 9.01 × 5.15 cm (Figure 1 ) and due to the infiltration of the right Brachiocephalic plexus, a hemiclamshell approach plus cervicothomy was decided by the multidisciplinary surgical team. Indeed, a loss of the right radial artery pulse was observed during surgery in relation to tumor traction. A combined general/epidural anesthesia was made. General anesthesia was based on a balanced combination of intravenous (IV) dexamethasone (8 mg), midazolam (2 mg), propofol 200 mg, rocuronium 50 mg plus an infusion of 0.3 mg/kg/h, and fentanyl 2 μg/kg/h. Unipulmonar ventilation was used with a mixture of 50% O 2 + Air and sevoflurane as inhaled agents to maintain a Bispectral index (BIS) between 40 -60, during 10 hours that lasted the whole surgical procedure. A resistive-heating system was used to prevent intraoperative hypothermia.
The perioperative analgesic regimen was based on a multimodal approach with IV Nonsteroidal anti-inflammatory agents NSAIDs (acetaminophen 1 gr/8 h + Desketoprofen Trometamol 50 mg/12 h, both started into the operating room), epidural analgesia and 2 mg IV morphine bolus as needed. An epidural thoracic catheter was placed before surgery between the 7 th and 8 th thoracic levels and it was tested for intravascular or subarachnoid placement with 3 ml of 1.5% lidocaine plus epinephrine 5 μg/ml. Afterwards, 5 mg of morphine diluted into 5 ml of saline solution was administrated at the beginning of the surgery and the same dose was repeated at the end, 10 hours later. After 2 hours in the post-anesthesiacare unit (PACU) the patient was extubated, and an epidural infusion with bupivacaine 0.125% plus morphine 40 μg/ml, prepared under sterile conditions by the Pharmacy service, was started at a flow rate of 6 -8 ml/h and maintained for 72 h. The total amount of epidural morphine was 28 mg and the rescue IV morphine 8 mg, only needed during the first 24 h after surgery. He remained in the PACU for adequate monitorization to prevent from delayed respiratory depression and the unique adverse effect observed was a low intensity pruritus. Ondasetrón 4 mg each 8 hours was also administrated to prevent postoperative nausea and vomiting. The visual analogic scale (VAS) was ≤3 along the three days in the PACU, and the global patient satisfaction was excellent. The hospital length stay was 7 days, and the tumor was diagnosed as a rare non-clonal lymphproliferative disorder called Castleman disease (Figure 2 ).
Patient's Surgical Approach and Position
Unilateral stern thoracotomy, or HCS, consists of antero-lateral thoracotomy into the 4 th or 5 th intercostal space, extending median longitudinal partial sternotomy with possible extension of the incision along the sterno-cleidomastoidian [2] , (Figure 3 ). This approach requires ligature and sacrificing of the internal thoracic pedicle but provides a large view to the thoracic cavity, pulmonary apex and cervicothoracic junction [4] . Thus, HCS allows lengthy access to the thoracic inlet, enabling the excision of large masses as well as parietal resections without any size limitation. These can all be achieved with greater safety as the pulmonary and intra-pericardial vessels can be easily controlled [4, 6] . HCS also has the advantage of the patient being in dorsal decubitus position, thereby limiting the risk of compression of the cardiac cavity and problems with venous filling that are encountered in lateral decubitus in patients with a large intra-thoracic mass. In addition, this route, which preserves the sternoclavicular articulation, decreases post-operative functional disability, which results from most other antero-lateral routes and preserves the morbility and appearance of the shoulder and brachial plexus, as well as offering excellent surgical exposure [6] (Figure 4) .
Analgesic Epidural Drugs Literature Review
In the review of Lardinois D et al. [4] , 25 patients under HCS incision were studied. The indications for this approach were chest trauma with massive hemorrhage (40%), lesions involving one or both chest cavity and the mediastinum (32%) and tumors of the anterior cervicothoracic junction with suspicion of vascular involvement (28%). The 30-day mortality was only 8% and the complication rate was 24%. They concluded that HCS improved exposure of the operative field in selected patients without causing more postoperative morbidity, chest wall complaints, shoulder girdle dysfunction or impairment of pulmonary function than standard approaches. In the abstract, they affirm that analgesia requirements for postoperative pain relief were not increased compared to those following a standard thoracotomy, but however no more data were available along the article exposure. In a most recent retrospective review, Lebreton G., et al. [6] studied the HCS approach in 50 patients undergoing mass resection in thoracic surgery (46% mediastinal mass or tumors of the cervicothoracic junction, 38% pulmonary apex tumor, 10% primary thoracic wall tumor and 6% compressive bulky thoracic tumor), analyzing the indications, morbidity and outcome (pain, neurological or shoulder defects and mortality) one month and one year. Postoperative complications occurred in eight patients, atelectasis and pneumopathy in five, chylotorax treated medically in two and phrenic paralysis in one. Mortality was 6% at one month and 8% at a year (two sepsis shocks and one acute respiratory distress syndrome). Concerning postoperative pain, the authors comment also in the abstract, that the analgesic requirements were similar to those after other thoracic surgery approaches and that 12% of patients suffered pain for one month and 6% for one year, but no more data were added during the text.
In the only case report that explains the postoperative analgesia [11] , epidural tramadol infusion was administered only in the first postoperative day. The second day epidural catheter was removed and parenteral tramadol combined with NSAIDs were given. Tramadol was stopped in 8 th postoperative day and analgesia was continued with NSAIDs. The patient was internalized with pneumonia after 12 days.
Discussion
Postoperative analgesia for thoracic surgery is actually well defined and implies a multimodal approach based on regional analgesia before surgery (metameric epidural or paravertebral blockade) associated with the administration of IV NSAIDs and IV opioids as a rescue regimen [13] . However, the PROSPECT GROUP, specialized in providing evidence-based procedure-specific recommendations and clinical decision support for the management of postoperative pain, just recommends a strong opioid added to LA when an epidural analgesia is used but they do not define the best option for epidural mixture [13] .
In a review by Scarci et al. [14] , paravertebral blockade (PVB) was found to be of equal efficacy to epidural anesthesia, but with a favorable side effect profile, and lower complication rate. The reduced morbidity rate was most marked for pulmonary complications and was accompanied by quicker return to normal pulmonary function. Epidural block was associated with frequent side effects [urinary retention (42%), nausea (22%), itching (22%) and hypotension (3%) and, rarely, respiratory depression (0.07%)]. Additionally, it prolonged operative time and was associated with technical failure or displacement (8%). Epidurals were also related to a higher complication rate (atelectasis/pneumonia) compared to the PVB.
The same results favorable to PVB were found in the study of Powell et al. [15] , about analgesia following thoracotomy in the UK. Data on the type of analgesic techniques were available for 98.1% of cases (n = 306). The most common type of analgesia was epidural catheter (n = 187, 61.1%) followed by paravertebral blockade (n = 95, 31%). In the epidural analgesia group (n = 187), a combination of epidural local anesthetic and opioids was used in 62.6% (n = 117). For 33.2% (n = 62) of epidural analgesia recipients, the drug mixture used was not specified. For epidural analgesia, the most common local anesthetic used was bupivacaine (concentration range 0.08% -0.15%) and the most common opioid used was fentanyl (concentration range 2 -10 μg/ml). So we can conclude that epidural morphine is not a widespread practice for thoracic surgery.
The reviews about HCS cited above [4, 6] , affirm that analgesia regimens were similar to the current use in their institutions for thoracic surgery and we suppose it's based on epidural analgesia because PVB only offers unilateral thoracic analgesia and is not suitable for HCS surgery. Further, classic thoracic surgery uses a metameric incision which can be easily covered in most cases by an epidural continuous infusion, but the sternotomy and as in our patient, the cervicothomy incision, make this point more difficult because the upper thoracic and even cervical metameric levels are involved. In these cases, we think that the combination of a local anesthetic with a strong opioid (morphine due to its rostral spinal diffusion) by the epidural thoracic route is an appropriate choice.
The spinal administration of an opioid drug does not guarantee selective action neither segmental analgesia in the spine [16] . Evidence from experimental studies in animals indicates that bioavailability in the spinal cord biophase is negatively correlated with liposolubility. It's higher for hydrophilic opioids, such as morphine, than lipophilic opioids, such as fentanyl, sufentanil and alfentanil [16] . All opioids administered produce part of their analgesic effect via spinal selectivity, although lipophilic opioids also rapidly reach higher centers of the brain due to their good vascular uptake and redistribution [16, 17] . Clinical trials have demonstrated that the administration of lipophilic opioids by continuous epidural infusion does not produce analgesia due to a spinal mechanism, although strengthening local anesthesia enables total doses to be reduced [17] . This contrasts with single epidural injections of fentanyl as a bolus, which with sufficiently high quantities of the drug can reach specific areas at the spinal level [18] . The continuous alone epidural administration of fentanyl and sufentanil offers very few advantages compared to its IV administration, which is why it is associated to LA to reduce its minimum effective analgesic concentration and also related adverse effects. The consequence is an analgesic effect mainly by systemic reuptake to blood and secondary to brain opioids receptors [16, 17] .
Morphine is probably the opioid with the greatest medullary selective action after its epidural or intradural administration. Morphine has been the most used epidural opioid, and it could be considered the "gold standard" of spinal drugs, which does not imply the ideal one. Due to its high medullar selectivity, the epidural dose used is much lower than the parenteral dose (1/5 -1/10), with a recommended daily maximum dose of 10 mg [16] [17] [18] [19] . It can be administered both either in the form of boluses (30 -100 µg/kg) or continuous infusion (0.2 -0.4 mg/h), as the latter appears to induce a greater analgesic quality. Also as a single drug or together with LA. Because these two drugs potentiate the global analgesic effect by means of a synergistic action, resulting in a postoperative analgesia of great quality and duration, but at the expense of a greater incidence of adverse effects. Risk factors for the development of respiratory depression include large doses, concomitant use of additional opioids and/or sedatives, administration in opioid-naïve patients, age > 65 years, sleep apnoea and obesity. Protocols for monitoring vary, but typically recommended duration is 18 to 24 hours after spinal morphine and during the whole time of the epidural infusion [19, 20] .
Conclusion
Recent reviews have demonstrated that pararavertebral blockade is superior to epidural analgesia due to minor incidence of major morbility and better outcome with similar analgesic effect for patients undergoing thoracic surgery. However, for HCS approach, only continuous thoracic epidural analgesia will provide an appropriate pain control, but the most suitable epidural drug mixture is not yet well defined. In our patient, the association of bupivacaine 0.125% plus morphine 40 μg/ml by the thoracic epidural route produced a very good control for the postoperative pain during 72 hours, without major adverse effects. This epidural opioid concentration allows the physician easily calculate the daily morphine amount because it's very similar to the epidural rate infusion, (mg/day  ml/h). The complete surgical medical and nursery team's opinion is that the multimodal management of postoperative pain after HCS incision should be based on thoracic epidural analgesia composed of a long action LA plus morphine, combined with physiotherapy and a rehabilitation programme in order to minimise the period of postoperative recovery, hospital stay and convalescence.
